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ABSTRACT 
The most primitive living balanomorphan barnacle, Eochionelasmus ohtai 

Yamaguchi, 1990 was described from abyssal hydrothermal vents in the 
North Fiji  Basin, West Pacific (Yamaguchi & Newman 1990). Since then, 
Eochionelasmus ohtai has been discovered at two other hydrothermal sites; 
one at the Lau Basin (west of the Tonga Islands; Desbruyères et al, 1994) 
and the other from the Manus Basin (north of Papua New Guinea; Tufar 
1990, Galkin 1992a, b). These are back-arc basins, separated from the North 
Fiji  Basin by approximateiy 1200 km east and 3000 km north-west, respecti- 
vely. Back-arc basins are, unlike mid-occanic ridges, discreet unities uncon- 
nected with each other. Dcspite this, rhe three populations of Eochionelasmus 

differ little in external appearance, except for some small but distinct diffé¬ 
rence in the ontogenetic development of the imbricating plates in the Manus 
population. Therefore, while it has been concluded that the North Fiji and 
Lau Basins populations represent the sanie form, E. ohtai ohtai, a new sub- 
species, E. ohtai manusensis, is being proposed for rhe Manus population. 
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RÉSUMÉ 

Le cirripède balatioinorphe vivant le plus primitif, Eochidneltimus ohtai ohtai 

Yamaguchi, 1990, a été décrit de sources hydrothermales du bassin nord des 
Fiji, Pacifique occidental (Yamaguchi & Newman 1990). Depuis, 
Eocbiouelasmus ohtai .1 été trouvé dans deux attires sites hydrothermaux : Pun 
dans le bassin de Lan (ouest des îles Tonga, Desbruyères et al, 1994) et 
l’autre dans le bassin de Manus (nord de la Papouasie-Nouvelle Guinée ; 
Tufar 1990, (î.tlkin 1992a, b). Ce sont des bassins en Forme d'arc, distants 

du bassin nord des Fiji d'environ 1200 km à l est et 3000 km au nord-est, 
respectivement. Ces bassins, contrairement aux rides média-océaniques, sont 
des unités de petite taille sans connection entre elles ; malgré cela, les trois 
populations àF.ochinnrlmmus diffèrent peu dans leur aspect extérieur, mais 

de petites différences ont été observées dans le développement ontogénique 
des plaques dans la population de Manus. En conséquence, tandis que l’on 

considère que les populations des bassins nord des Fiji  et de Lau représentent 
la même forme E. ohtai ohtai, une nouvelle sous-espèce, /:. ohtai manusensis 

est proposée pour la population de Manus. 

INTRODUCTION 

Eochionelasmus ohtai Yamaguchi, 1990 was dis- 

covered associated with an abyssal hydrothermal 

vent at 1990 m depth in the North Fiji Basin, 

South-West Pacific (Yamaguchi & Newman 

1990). It is distinguished front its only close rela¬ 

tive, Chwnelasmus darwini (Pilsbry, 1907), an 

Indo-West Pacific bathyal spccies, in liaving mul¬ 

tiple whorls of unspeciaîizcd basal imbricating 

plates, which is a generalized or primitive mor- 

phological characrer. Therefore it was evaluated 

as the mosr primitive living member oî the 

suborder Balanomorpha. 

The other known vent barnacles, the lepado- 

morphs Nenlepas zevinde and N. rapanuii, the 

verrucomorph Neo verrue a b racbylepadoform is, 

and the brachylepadoinorph Neobrachylepas re/i¬ 

ca (Newman 1979; Jones 1993; Newman & 

Hessler 1989; Newman & Yamaguchi 1995; res- 

pectively) not only also represent the mosr primi¬ 

tive living members oftheir respective suborders, 

but N. relica represents the only known living 

species ol the brachylepadomorplia. These and 

other vent barnacles (unpublished daca) are large- 

ly endentic to Indo-West Pacific vents, especially 

tbose of the South-West Pacific, and members of 

ail four suborders are known front the Lau Basin, 

Tonga (Newman & Yamaguchi 1995), 

Knowledge of the organization and ontogeny of 

the shell wall in Eochionel-asmus fias profoundly 

altered our under.standing of the évolution of 

balanomorph barnacles, and the hypothesis of 

Yamaguchi & Newman (1990), that the 6-plated 

wall was more primitive titan the 8-plated wall, 

bas had a significatif impact on our undcisraiid- 

ing of the relationship of the primitive balano- 

morphs (Buckcridge Si Newman 1992; Newman 

1993; Buckcridge 1995; Newman 1996; Ross & 
Newman 1996). 

Detailed knowledge of the arrangement of the 

wall plates in ihoracican cirripeds began with 

Danvin (1851. 1854), and he developed a 

nomenclature so that the plates and their arrange¬ 

ments in different forrns could be accurately des- 

cribed and compared (rf Newman 1996). He 

also made observations on the ontogeny of the 

balanomorph wall, and lurther details were eluci- 

dared by subséquent investigators sucli as 

Runnstrôm (1925) and Costlow (1956). 

Darwin also studied the arrangement ol the basal 

plates formiug the imbricating whorls that sur¬ 

round che wall plates in the interüdal and shal- 

low water species of Catophmgmus s.l., the only 

sessile barnacles known at the time to hâve rhem. 

Silice chen five other extant généra of sessile bar¬ 

nacles liaving basal whorls of imbricating plates 

hâve been discovered: Chionelasmus Pilsbry, 1911 
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(if  Newman 1987); Waikalasma Buckeridge, 
1983 (cf Buckeridge & Newman 1992; 
Buckeridge 1996); Neoverruca Newman, 1989 
(cf. Newman & Hessler 1989); Eochionelasmus 
Yamaguchi, 1990 {cf. Yamaguchi & Newman 
1990; Yamaguchi & Newman 1997); and 
Neobraehylepas Newman et Yamaguchi, 1995 {cf.  
Woodward 1901, Newman 1987). Of rhese, ail 
but Chionelastnus and Waikalasma arc from 
hydrothermal vents and only in Neoverruca has 
the ontogeny ol the imbricaring plates been sru- 
died in détail (Newman 1989). While this shed 
light on the organisation of the imbricating 
whorls in the early verrucomorphs, and by infe- 
rence in the more primitive brachytepado- 
morphs, its relevante to the origin and hence the 
ontogeny of the basal imbricating whorls in bala- 
nomorphs is not yet known. 
As for the balanomorphs rhemselves, there hâve 
been studies reconstructing the ontogeny of the 
basal imbricating whorls from aduit morphology 
in Catophragmus and Chionelasmus (Newman 

1987), and the nomenclature developed to des- 
cribe the patterns has been emended (Yamaguchi 
in prep ) But none has actually been based on a 
complété ontogeny sequence, from the earliest 
post-metamorphic juvénile to the fully  developed 
aduit, ntuch less hâve any been detailed enough 
to eiucidatc ontogenetic variation within and 
between populations. Such studies would be rela- 
tively easy to carry our wïth an tntertidal forrn 
such as Catomerus in Australia, but they will  
always be difficult when if cornes to deep-sea 
(omis because ol cheir inaceessibility. Therefore, 
since il dues not seetn likely appropriate collect- 
ing in the deep sea will  be carried out in the 
foreseeable future, the présent study was underta- 
ken on rhe limited material available to date. 
The présent study involves a detailed analysis ol 
the ontogeny of rhe basal whorls of imbricating 
plates in Eochionelasmus ohtai. Scventeen spéci¬ 
mens Iront hydrothermal vents of the North Fiji  
Basin (NFB), ranging from very youttg to com- 
pletely mature were used to infer a 'general ized’ 

140°E 160°E 180°E 190°E 

Fig. 1. — Locations of hydrothermal vents where Eochionelasmus ohtai was taken: North Fiji (A, White Lady), Lau (B, Hine Hina; 
C, Vailili)  and Manus (D) Basins. 
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ontogeneric pattern up through the first four 

whorls of îmbricating plates. This pattern was 

then compared to that found in eight early onro- 

genetic stages from Lau and eight from the 

Manus Basin. The results are significant because, 

while no important différences were found bet- 

ween the North Fiji and Lau populations, small 

but distinct différences distinguish these two 

populations from the Manus population. There- 

fore the Manus population has been proposed as 

distinct at the subspcciflc level, E. o. manusetuis. 

The results of this ontogenetic study bave not 

only been useful in flcshing oui our knowledge 

for the balanomorphs in general, but in recogni- 

Table 1. — North Fiji (NFB), Lau and Manus Basin specimens examined. R-C, rostrum-carina diameter; CL, carinolateral diameter 

(values in mm). 

Eochionelasmus ohtai ohtai Yamaguchi, 1990 (Yamaguchi & Newman 1990) 

No. R-C CL Condition Depository 

NFB-A 14.3 12.7 Dissected UMUT-RA18631 
(Yamaguchi & Newman 1990) 

NFB-B 9.5 8.1 id. UMUT-RA18632 
(id.) 

NFB-C 19.5 16.0 id. UMUT-RA18633 
(id.) 

NFB-1 2.4 2.0 id. NSMT-Crl 1945 

NFB-2 2.6+ 1.9+ Not dissec. MNHN-Ci2495 
NFB-3 3.9 2.3 id. USNM-282771 
NFB-4 4.7 4.2 Dissected NSMT-Crl 1946 
NFB-5 5.8 5.0 Not dissec. MNHN-Ci2496 
NFB-6 7.4 6.4 Dissected USNM-282770 
NFB-7 10.2 10.0 Not dissec. NSMT-Crl 1947 

NFB-8 10.4 10.0 id. MNHN-&2497 

NFB-9 12.1 + 8.2 Dissected USNM-282769 
NFB-10 14.2 11.9 Not dissec. NSMT-Crl 1948 
NFB-11 14.3 13.3 id. NSMT-Crl 1949 

NFB-12 15.5 6.7 id. MNHN-Ci2498 
NFB-13 16.7 14.7 id. USNM-282768 
NFB-14 20.4 13.7 id. MNHN-Ci2499 

LAU-1 4.0 3.7 Dissected NSMT-Crl 1950 

LAU-2 9.6 7.6 id. MNHN-Ci2500 
LAU-3 13.1 10.5 id. USNM-282767 
LA  U-4 14.1 13.6 Not dissec. NSMT-Crl 1951 

LAU-5 17.0 16.7 Dissected MNHN-Ci2501 

LAU-6 25.8+ 27.2 id. USNM-282766 
LAU-7 26.1 17.9+ id. NSMT-Crl 1952 

LAU-8 29.0 20.5 id. MNHN-CÎ2502 

Eochionelasmus ohtai manusensis n.ssp. 

No. R-C CL Condition Depository 

MANUS-1 2.0 1.7 Dissected NSMT-Crl 1953 6th paratype 
MANUS-2 3.8 3.1 Not dissec. 

MANUS-3 3.7 3.6 Dissected USNM-282765 5th paratype 

MANUS-4 4.8 4.0 id. ZMMSU-Mg-1138 4th paratype 

MANUS-5 7.4 6.2 id. NSMT-Crl 1954 holotype 

MANUS-6 23.2 25.0 id. ZMMSU-Mg-1137 1 si paratype 

MANUS-7 23.5 25.0 id. USNM-282764 2nd paratype 

MANUS-8 30.1 23.8 id. NSMT-Crl 1955 3rd paratype 
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zing genetic distance or divergence at the sub- 

species level. Furthcrmore, a generalized ontoge- 

ny of Eochionelasmus. based on tbe Lau 

population, has proved use lui in dcmonstrating 

that a few immature specimens of Eochionelasmus 

collected from a vent near Easter Island in the 

South-east Pacific represent a distinct species 

(Yamaguchi & Newman 1997). 

Expéditions that collected the material 
7’he Japanese-French Cruise Kaiyo 87 (E. Honza 

& J.-M. Auzende co-chief scientists), 1987, 

North Fiji  Basin; site B of station 4 (White Lady 

site), 16°59.4’S, 173U54.9'E, 1990 m in depth; 

type-locality of Eorhionelasmus ohtai (Yamaguchi 

& Newman 1990; Fig, IA), 

The French submersible Nautile BIOLAU Cruise 

(A.-M. Alayse-Danet chief scientist), 1989, the 

Lau Basin, BL 02, 03 & 05 of station 1 (Ffine 

Hina) (22°32’S, 176°43'W), around 1900 m in 

depth (Fig. IB) and BL 12 of station 2 (Vailili)  

(23°13'S. 176°37’W), 1764-1707 m in depth 

(Fig. IC) (Desbruyères étal. 1994; Newman & 

Yamaguchi 1995). 

The French submersible Nautile STARMER II  

Cruise (D. Desbruyères & S. Ohta co-chief 

scientists), 1989, the North Fiji Basin; White 

Lady site (Desbruyères et al. 1994; Fig. 1A). 

The German R/V Sonne OLGA II Research 

Cruise, 1990, Manus Back-Arc Basin (Bismarck 

Sea, Papua New Guinea); présent observations 

based on the photographs (Tufar 1990, figs 10, 

lia, b, 12a-e) of barnacles from the hydrother- 

mal field (3°9.85’-3°9.88’$, 150°16.78’- 

150°I6.80'E, 2489-2500 m in depth; Fig. 1D). 

The Russian R/V Akademic Mstislav Kcldysh 21 st 

Research Cruise with submersible Alir-2, 1990, 

Manus Back-Arc Basin, station 2255 (3°10'S, 
150°17’E; Fig. 1D), about 2500 m in depth, 

coll. S. V. Galkin (Galkin 1992a, b). 

Material examinrd 
Specimens examined bave been deposited in the 

Muséum national d’Histoire naturelle, Paris 

(MNHN); National Science Muséum. Tokyo 

(NSMT); United States National Muséum of 

Natural History, Washington, DC. (USNM); 

Zoological Muséum of Moscow State University 

(ZMMSU) (see Table 1). 

SUPPLEMENTARY DESCRIPTION OF 

Eochionelasmus ohtai FROM THE NORTH FIJI 

BASIN BASED ON SPECIMENS 

COLLECTED DURING THE STARMER 

CRUISES 

The original description of Eochionelasmus ohtai 

was based on the eight individuals collected by a 

dredge attached to the deep-tow used by the 

Japanese-French Kaiyo 87 cruise (Yamaguchi & 

Newman 1990). Subsequently, during STAR¬ 

MER II, the French submersible Nautile collec¬ 

ted a total of 551 individuals of E. ohtai from 

near the rypc-locality of Kaiyo Cruise. According 

to the cruise report, gastropods (5404 indivi¬ 

duals) were the most abundant of the mega- 

fauna. In the collection list, there were 

2109 polychaeres, 1094 copepods, 586 bivalves, 

551 barnacles, 134 macrures, 59 shrimps, 

17 crabs, etc. Thercforc, vent barnacles appear to 

be an important part of the fauna in the North 

Fiji Basin abyssal hydrothermal field. Most of 

barnacles were the balanomorph, E. ohtai. 

However, there were a few specimens of a neo- 

lepadïne and a neoverrucid, and each represents 

at least a new species. 

While 551 specimens of E. ohtai were collected, 

only 237 undamaged specimens were suirable for 

this study. Thèse ranged from one cyprid larva 

attached to glassy basait to many adults of which 

but one was brooding eggs. 

SlIELLS OF Eochionelasmus FROM THF. North 
Fiji  Basin 
The shell is as high as wide, and the orifice is 

rather large and rhomboidal. The shell includes 

the scuta (S) and terga (T) forming the opercu- 

lum (S-T), and the ro.strum (R), rosrrolatera 

(RL), carinolatera (CL), and carina (C) forming 

the primary wall (R-RL-CL-C). The carina 

stands at approxiniately right angles to the base, 

while the rostrum slope.s obliquely toward the 

orifice. The nurnber of whorls of monomorphic 

basal imbricating plates found around the prima¬ 

ry wall range from zéro to eight, depending on 
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the ontogenetic stage, the same maximum num- 

ber as in the original description of E. obtai. 

However, in the présent study it became évident 

that while there is no variation in the arrange¬ 

ment of the basal imbricating plates up to the 

second whorl, there is variation in the following 

whorls. Some of this variation is depicted in the 

holotvpe (NFB-A, Yamaguchi & Newman 1990, 

Eochionelasmus ohlai ohtai - Type (NFB-A) 

Generalized Eochionelasmus ohtai 

Catophragmus 

Fig. 2. — Arrangement of the plates in the wall and fîrst four whorls of imbricating plates fn A, holotype E. ohtai ohtai, in B, generali¬ 
zed, in C, Chionelasmus darwini, and in D, Catophragmus s.l. (see text for explanation). 
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figs 4, 5; cf. Figs 2A, B, 3). The anomalies in- 

clude the âppearance of sr in the third rather 

than in the fourth whorl which otherwise 

remains the sanie, the réduction of the r5 plates 

from 6 to 4 and of the o' plates from 6 to 5 on 

each side. These différences are important to 

recognize because a frame of referencc is needed 

vvhen it cornes to comparing different popula¬ 

tions, as is the case in the présent study. 

Therefore the most commun or “  generalized” 

NFB pattern was determined (Figs 2B, 3). 

It is important to note that the generalized or 

basic pattern in Eochionelasmus is similar to that 

in Chionelasmus (Newman 1987, Fig. 5A; see 

Fig. 2B herein for nomenclatural adjustments 

reflecting présent knowledge). A similarity is 

cxpcctcd because the latter has evidently bcen 

derived from the former (Yamaguchi & Newman 

1990). From a supcrficial inspection of 

Chionelasmus it was reported that there was but a 

single whorl of basal imbricating plates (Pilsbry 

1907; Nilsson-Cantcll 1928; Newman et al. 

1969), but actually there are four whorls 

(Newman 1987). It will  be observed (Fig. 2B, C 

herein) that, while the First cwo whorls include 

the same plates in both Eochionelasmus and 

Chionelasmus, not only has the number of plates 

in the third whorl been reduced in the latter, 

Fig. 3. — Eochionelasmus ohtai ohtai, plan views of the wall and first four whorls of imbricating plates for the holotype (NFB-A, 
upper) and the more common or generalized pattern encountered in additional specimens from IMorth Fiji Basin. The three arrows 
indicate the addition plates found in the generalized form and the asterisk indicate the position of a plate that was not found, 
R, rostrum; RL, rostro-latus; CL, carino-latus; C, carina; r, imbricating plates added between R and I1; c, imbricating plates added 
between I1 and C; sr and sc, imbricating plates added below R and C. 
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from twelve to four, but that the homologs of 

two of the four plates (sr and rl') hâve been 

brought up from to the tourth to the third 

whorl. Thus, not only is the number of plates in 

the third whorl in Chionelasmus reduced, but 

part of the fburth whorl has been transferred or 

condensed into it. Furthcr réduction is seen in 

the fourth whorl in Chionelasmus, which consis- 

ted of seventeen or perhaps eighteen plates in 

Eochionelasrnus. It now consists of but two plates, 

due to the élimination of six r‘\  six c'1 and one I’  

on each side, as well as to the transfer of the sr 

and rl1 to the third whorl menrioned above. 

It is instructive to note that not only is the basic 

pattern similarity betvveeti Eochionelasrnus and 

Chionelasmus, but also between them and Cato- 

phragmus s.l. (Newman 1987. fig. 5B; sce 

Fig. 2D herein), including the condensation and 

some of the réduction seen in NFB-A, comparcd 

to the more generaJizcd NFB pattetu (cf Fig. 2D 

with Fig. 2A, B). Specifically, the sequential 

transfer of sr,. then rl1, and then cl1 and sc, from 

the fourth to the third whorl in rhese généra, 

reduces the number of plates protecting the basal 

margin and the sutures of RL and CL, from 

seven to six to five. It is notable that the configu¬ 

ration below RL. and CL, created by this réduc¬ 

tion in Catophntgmus, turns oui to be identical to 

that under CI.*, the plate infered to be a réplica¬ 

tion of CL1 in Catophragmus and higher balano- 

morphs (Yamaguchi & Newman 1990; 

Buckeridge & Newman 1992). h vvill  be impor¬ 

tant to sec how rhese patterns correlaced in other 

primitive balanomorphs, such as lhe former 

Miocene fossil Waikalasnia recently discovered 

living at 700-800 m deprhs off the New Hébrides 

(Buckeridge 1996), beeause they shoutd help us 

better understanding the réduction and loss of 

the basal imbricating plates in the évolution of 

early sessile barnacles, and understanding unlikely 

to be gained from the fossil record. 

SlZE OF Eochionelasrnus FROM the North 

Fiji  Basin 

Yamaguchi & Newman (1990) had but three 

complété specimens to measure (NFB-A, B and 

C); the other five were incomplète. In these 

(Table 1), the ratios of the rostro-carinal (R-C) to 

carino-lateral (CL) basal diameters are 1.13, 1.17 

0 10 20 30 
R-C diameter (mm) 

FIS, 4. — Eochionelasrnus ohtai ohtai, sJ2e distribution ot R-C 
and CL diameters for 237 specimens (dots) from the Nodh Fiji  
Basin and A. their corresponding régression line compared to 
the régression lines for the. Lau (B) and Manus (C) populations. 
+, 8 specimens from the Lau Basin, x, 8 specimens from the 
Manus Basin. 

and 1.22, respectively. These were considered 

fully  mature beeause therc was one damaged spe- 

cimen brooding eggs (NFB-10) which was 

sljghtly smaller than the holotvpe of E. ohtai 

(NFB-A). 

The R-C and CL diameters of the 237 indivi- 

duals were measured (Fig. 4). The mean (x), 

standard déviation (s) and range were 7-29 mm, 

6.77 mm and 0.34-25.5 mm for the R-C diame¬ 

ters, and 6.43 mm, 6.17 mm and 0.37-22.7 mm 

for the CL diameters. The tatio between means 

of the R-C and Cl. diameters is 1.23 (s = ± 0.22, 

range = 0.72-2.00). Lhe chi-stjuare (X2) of 2.9 is 

not signifiant at the 10% level (Fr (X*  >- 9.23) 

= 0.1), indicating that the 237 individuals tepre- 

sent a randorn sample front a population having 

a normal distribution. The régression line is y = 

0.88 x + 0.0004 (Fig. 4) and the corrélation coef¬ 

ficient (r) is 0.967. 

The ratios for the holorype and the two para- 

types (NFB-A, B and C) are nearly equal to the 

mean ratio (1.23) for the 237 individuals. 

Therefore, the ratios of the R-C and CL diame¬ 

ters do not dislinguish the 237 individuals from 
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the North Fiji Basin from the three type spéci¬ 

mens of E. obtai from the same population. 

ONTOGENY OF Eochionelasmus FROM THE 

North Fiji Basin 

The appearance of the wall and the first two whorls 

ofimbricating plates 

The shell is composée! of the operculum (S-T), 

and the primary wall (R-CL-C) and these appear 

first during ontogeny. They are followed by RL 

and then by as many as eight basal whorls of 

imbricating plates. The basal whorls are added 

sequentially each outside the previous whorl, but 

only the first four were studied here (Figs 2A, B, 

3). The plates of the first whorl (r1, l1 and c1) are 

invariably found over the three pairs of sutures 

between the primary wall plates on eàch side, 

while the plates of the second whorl (r2 r2 r2 c2 

c2 c2) are invariably found overlapping the latéral 

niargins of r1, l1 and c1 on each side. However, 

the third and fourth whorls of imbricating plates 

do not necessarily follow a consistent pattern. 

In the 237 individuals, ninety-three individuals 

are smaller than 2 mm in R-C diameter. Of 

these, twenty-eight individuals hâve six to seven- 

teen plates in addition to the four opercular 

plates. Of these, twenty-one had a 6-plated wall 

(R-RL-CL-C) but no imbricating plates, two had 

a 7-plated wall (6-plates plus a c1), three had an 

8-plated wall (6-plates plus the c1 pair), one had 

a 15-plated wall, and one had a 17-plated wall 

(Table 2). The individuals with a 6-placed wall 

are within the range of 0.58-1.10 mm R-C and 

0.37-0.89 mm CL diameters. Individuals with 7- 

and 8-plated walls are within the range of 1.03- 

1.30 mm R-C and 0 74-1.04 mm CL diameters. 

While the observed ranges in R-C and CL dia¬ 

meters for 6-, 7- or 8-plated walls overlap, the 

R-C and CL mean diameters for 6-plated vvalls 

are significantly different from 7- or 8-plated 

walls (student /-test). The growth from 6- to 7- 

and 8-plated walls involves the addition of c1 

which, witiiout exception, covers with the suture 

between the C and CL (Fig. 3). 

After the addition ofc1, the imbricating plates l1 

and r1 appear over the sutures between RL-CL, 

and RL-R, respective!)'. Unfortunatelv it could 

not be determined which appeared first, l1 or r1, 

Table 2. — North Fiji Basin (STARMER II, Dive 16, station 4): 
measurements for one eyprid and 28 juvéniles (5 addltlonal 

juvéniles unmeasured) wilh a 6-plated wall plus 1, S, 9 and 
11 imbricating plates; or a total of 6, 7, 8,15 and 17-plates. res- 
pectively. R C. rosmim-carina diameter; CL carinolateral dia 
meter, Statiîtical values for R-C and CL diameters lor 6-plated 
and the T- to 8-piatad juvéniles; sld., standard déviation; 
var.; variance; O.R., range (values in mm). 

Specimen Carapace 
Length Height 

1 cyprid 0.86 0.29 

Specimen No. of 
plates R-C CL 

1 6 0.58 0.37 
2 6 0.61 0.41 
3 6 0.61 0.51 
4 6 0.62 0.43 
5 6 0.63 0.41 
6 6 0.63 0.50 
7 6 0.67 0.57 
8 6 0.72 0.43 
9 6 0.72 0.58 
10 6 0.74 0.41 
11 6 0.76 0.58 
12 6 0.76 0.60 
13 6 0.80 0.53 
14 6 0.80 0.69 
15 6 0.83 0.55 
16 6 0.89 0.77 
17 6 0.93 0.74 
18 6 0.96 0.68 
19 6 0.96 0.69 
20 6 0.98 0.89 
21 6 1.10 0.86 
22 7c 1.03 0.74 
23 7c 1.06 1.04 
24 8c 1.06 0.86 
25 8c 1.22 1.03 
26 8c 1.30 0.92 
27 15 1.68 1.58 
28 17 1.72 1.31 

6-plated mean std. var. O.R. 

R-C diameter 0.78 0.14 0.02 0.58-1.10 
CL diameter 0.58 0.15 0.02 0.37-0.89 

7- and 8-plated mean std. var. O.R. 

R-C diameter 1.13 0.11 0.01 1.03-1.30 
CL diameter 0.92 0.11 0.01 0.74-1.04 
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although, since I1 is slighdy larger, it may hâve 

been first, 

There was lirtle information on juvéniles bet- 

ween 9 and 15-plates but, judging from observa¬ 

tions on a 15-plated juvénile, the second whorl 

apparen cl y begins with the appearance of c2 over 

the suture between the l1 and CL. If  so, c plates 

generally appear before r and 1 plates. 

Addition ofimbricating plates of the third and 

fourtb whorls 

The first whorl of hasal imbricating plates, 

consisting of a pair each of r’, l1 and c', is inva- 

riably followed by three pair each of r2 and c2 

plates at the six pairs of the sutures between 

R-RL-CL-C-r'-l'-c'. This brings us to the third 

and fourth whorls ol basal imbricating plates in 

which sotne individual variation was encounter- 

ed among the fourteen individuals studied 

(fable I: NFB-1 to l4; Figs 5, 6). As we shall 

see, rhe variation can be greater between than 

within populations and, therelore, it apparently 

lias a geographical as well as a random basis. 

In holotypc (NFB-AJ (Yamaguchi & Newman 

1990, fig. 4), imbricating plate sr1 appeared in 

the third whorl. However, as we shall see, sr 

occurs more frcquently in the fourth whorl along 

with rl1, l2, cl' and sc (Fig. 6). Therelore this and 

other variations need to bc addressed now. 

Of the lourtee» spécimens from NFB (Fig. 6), 

1 

Fig. 5. — Eochionelasmus ohtai obtai from the North Fiji Basin: A, NFB-1; B, NFB-4; C, NFB-6; D, NFB-9. Scale bar: 1 mm (see 
figure 3 for abbreviations). 
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NFB-h 

4 
5 
6 
7 
8 
9 
ES 
11 
12 
13 
14 

3rd whorl 

|? rl 

4th whorl 
sr rl 12 cl sc 

rl sr 
sc 

rl 
sr rl cl 

HD [ 

cl SC 

rl cl 
I cl sc 
I 

rl I cl sc 
sr rl cl sc 

I cl 
- sr rl cl sc 
- sr r| c| sc 
- rl | cl sc 
sr rl I cl sc 

2/10 0/10 1/10 4/10 5/10 8/10 
4/10 1/10 6/10 9/10 

5th whorl 

] E 

sr 

C-R 

2.4 
2.6+ 

3.9 
4.7 
5.8 
7.4 

10.2 
10.4 
12.1 + 
14.2 + 
14.3 
15.5 
16.7 
20.4 

3rd whorl 4th whorl 5th whorl 
sr rl |2 Cl sc C-R 

LAU-1 rl cl sr sc 4.0 
O rl cl 9.6 

3 sr cl rl sc — 13.1 

4 rl sr 1 cl sc 14.1 

5 sr rl 1 cl sc — 17.0 
6 sr rl cl 1 25.8+ 
7 1 sr rl cl sc 26.1 

8 sr rl cl 1 sc 29.0 

4/8 1/8 0/8 4/8 4/8 7/8 
4/8 4/8 4/8 4/8 

3rd whorl 4th whorl 5th whorl 
sr _rl_ |2 Cl sc C-R 

MANUS-1 in m I m 1 1 2.0 
2 rl 1 cl sc 1 1 3.7 

a SE rl H |- ~] 1 1 3.8 

4 rl sc 4.8 

5 sr rl cl 1 sc 7.8 

6 sr rl cl sc 23.2 

7 rl sr 1 cl — 23.5 
8 sr rl sc 30.1 

3/6 0/6 0/6 1/6 3/6 5/6 
6/6 1/6 0/6 3/6 

Fig. 6. — Eochionelasmus ohlai, Shell arrangements in specimens trom North Fiji, Lau and Manus Basins. The first two whorls of the 
imbricating plates in ail three populations are same and are therefore omitted. The (irst appearance ot sr', rl’,  F, cl' and sc1, from the 
third to fourth whorls in each spectmen is shown. Superscripts are included in the ligure only where essential. Shade, no plates of 
the whorl présent; —, sonne r and/or c plates présent; boldface, appeared; specimens in box which hâve no plates of the whorl or 
lack a part of imbricating plates did not count the first appearance of sr1, rl1,12, cl1 and sc1 (see table 3 for summary). 
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Table 3. — Comparison of the frequencies of the first appearan- 
ce of imbricatlng plates sr, rl1, ls, cl' and sc In the 3rd and 4th 
whorls from the North Fiji (NFB). Lau (LB) and Manus (MB) 
Basins. The denominator - number of specimens sufflciently 
complété to make the comparison and the numerator = number 

of specimens in which the. plates hâve appeared on either the 
right or leh slde. 

Loc. 3rd whorl 4th whorl 

sr NFB 2/10 (20%) 4/10 (40%) 
LB 4/8 (50%) 4/8 (50%) 
MB 3/6 (50%) 1/6 (17%) 

rl1 NFB 4/10 (40%) 6/10 (60%) 
LB 4/8 (50%) 4/8 (50%) 
MB 6/6 (100%) 0/6 (0%) 

I2 NFB 0/10 (0%) 5/10 (50%) 
LB 1/8 (13%) 4/8 (50%) 
MB 0/6 (0%) 3/6 (50%) 

cl1 NFB 1/10 (10%) 9/10 (90%) 
LB 4/8 (50%) 4/8 (50%) 
MB 1/6 (17%) 3/6 (50%) 

sc NFB 1/10 (10%) 8/10 (80%) 
LB 0/8 (0%) 7/8 (88%) 
MB 0/6 (0%) 5/6 (83%) 

NFB-1, 2 and 3 had yet to develop imbricating 

plates and NFB-10 was too damaged to be useful 

in determining die order of appcarances. This 

leaves seven specimens rhat had completed the 

fourth whorl of imbricating plates. Because 

NFB-4, 5 and 7 hâve no plates marking the ftfth 

whorl, their fourth whorls may not hâve been 

complété, However, being incomplète would 

simply lower the frequency of appearance of cer¬ 

tain plates, and since generally at least haif the 

plates expected are présent, the difFerence would 

not be appréciable 

If  one normali/.es the data by calculating the per- 

centages at which the plates appear in the third 

and fourth whorls (Table 3; percentages may not 

add up to 100% because some of the plates occa- 

sionally appear after the fourth whorl), it will  be 

observed rhat for the ren NFB individuals, the 

frequencies are: sr! 20-40 %, ri1 40-60%, I"  

0-50%, cl1 10-90%, and sc1 10-80%. Thus, 

these plates are more likely to fall in the fourth 

than in the third whorl, and the variability 

appears to be greater in die rostral than in the 

carinal hall of the .shell. PIow does this compare 

to the Lau and Manus populations (Table 3)? 

It can be observed that, of the eight individuals 

from Lau, the frequency of occurrence in the 

third and fourth whorls for sr1, rl1 and cl1 is 

50-50%, for l2 13-50%, and for sc 0-88%. Thus, 

these plates are as likely or more likely to fall in 

the fourth than in the third whorl, with the 

variability again somewhat greater in the rostral 

half of the shell. While these frequencies are not 

considered to be substantially different from 

those encountcrcd in the NFB population, that 

cl1 hâve a frequency of 50-50% rather than 

10-90% is a potential difFerence that will  need to 

be watched, should more material become avail- 

able. 

It will  be observed that in the six individuals 

available from Manus apparentlv having complé¬ 

té third and fourth whorls, the appearance of sr1 

is 50-17%, rl1 100-0%, l2 0-50%, cl1 17-50%, 

and sc 0-83%. While variability again appears to 

be greatest in the rostral half of the shell. it needs 

to be noted that rl1 has an unprecedented fre¬ 

quency of 100-0% while in the other popula¬ 

tions it was dïstributed approximately 50-50 

between the third and fourth whorls. So, if  we 

assume that the probability of rl1 occurring in 

the third or fourth whorl is 0.5 in the NFB/Lau 

populations, then the probability of its occurring 
in the third whorl alone in ail six individuals 

from the Manus population is 0.015; e.g., unli- 

kely due to chance alone. Therefore this diver¬ 

gent configuration is considered an important 

taxonomie character. 

A généralized arrangement for the basal imbrica¬ 

ting plates 

There are as many as eight whotls of basal imbri- 

cating plates in Eoebionelasmus. The first (r!, I1, 

c1 ) and second (three r2 and c2) whorls are arran- 

ged in the same way in ail populations known to 

date. However, beyond the second whorl, the 

pattern not only becomes very complex but quite 

variable, probably owing to crowding and/or to 

the uneven substratum. 

In the prevtous section, the arrangement of the 

basal imbricating plates of the third to fourth 

whorls of varions ontogenetic stages was used to 

compare individuals both w-ithin a population 

and between populations (Fig. 6; labié 3). Itwas 

observed that individuals having a complété or 

almost complété shell, such as NFB-7, 9, 12, 13 

and A, had few variations and were bilaterally 

symmerrical. From such forms a generalized 
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arrangement of basal imbricating plates was 

deduced, as follows: the third whotl of imbrica¬ 

ting plates generally consists of six r5 and six c? 

plates; e.g., twclvc rather than ten plates as pre- 

viously believed (if  Fig. 2A, B). They appear, 

witlt  minor variations, ar rbe surares bervveen the 

primarv wall and the previous imbricating plates, 

or only at the sutures of the imbricating plates of 

the preceding whorls (Figs 2, 3). Furthermore, 

wbile sr1, ri1 or cl! usually appear in the fourth 

whorl, one or more may appear in the third 

whorl, in whicli case they replace the F5 and/or c5 

plates that were cxpected to appear there. This 

pattern of variation in plate arrangement is 

fourni in the holotypc (NFB-A) and NFB-7. 

The fourth whorl also generally consists of six 

F*s and six c4s plus five additional plates; sr, ri1, 

P, cl' and sc. The distribution of the P s and cTs 

is uneven however; e.gr rl1 and cl1 are divided in 

4-2 and 1-5, respectively. Furthermore, due to 

spaces between the r-*’s and c*s of the previous 

whorl, Hs and c4’s not only tend to double up 

but even to covet sutures between plates of the 

second and third whorls rather than jusl of the 

third whorl alonc. For example, two r‘vs occupy 

the space between the two r's adjacent to the 1 

fier, and there are two similar pairing among the 

c4’s. From these considérations, a generalized 

arrangement of the imbricating plates for 

Eochionelasmus ohtai from Norrh Fiji Basin was 

deduced (Figs 2B, 3). This gave us a point of 

référencé to which different populations could be 

compared. 

MATURITY  AND SEXUALI'TY OF Eochionelasmus 

FROM THE NOR'I H Fiji  BASIN 

There is little known about the reproduction of 

deep-sea hydrothermal vent barnacles. 

Information on sexual maturity or on the repro¬ 

ductive cycle was not obtained in the morpholo¬ 

gie analysis. As mentioned above, only one of the 

237 individuals (STARMER II, Dive 10, North 

Fiji Basin) was brooding eggs in the mande cavi- 

ty. Its R-C and CL diameters were 14 2 x 

11.9 mm, but it was lacking some imbricating 

plates near the rostrum and rherefore was likely a 

little longer. Nevertheless, individuals of 14 mm 

or larger in the R-C diameter are likely functio- 

nal hermaphrodites. No complemental males 

Table 4. — Egg size in specimen of Eochionelasmus ohtai ohtai 
from North Fiji  Basin (in mm). 

0.27 X 0.45 0.27 x 0.46 0.28 X 0.46 
0.28 X 0.46 0.28 x 0.47 0.28 X 0.49 
0.28 X 0.49 0.29 x 0.45 0.29 X 0.49 
0.30 X 0.44 0.30 x 0.45 0.30 X 0.45 
0.30 X 0.45 0.30 x 0.45 0.30 X 0.46 
0.30 X 0.46 0.30 x 0.47 0.30 X 0.47 
0.30 X 0.48 0.30 x 0.49 0.30 X 0.49 
0.30 X 0.49 0.30 x 0.50 0.31 X 0.47 
0.31 X 0.50 mean: 0.293 x 0.470 

have been observed, such as in Chionelasmus 

(Hui & Moyse 1984; Yamaguchi & Newman 

1990). 

Eggs of Eochionelasmus ohtai FROM THF NORTH 

Fiji  Basin 

F.ggs hâve been found in the rnanrle cavity of 

Neolepas zevinae (Newman 1979: 158; 0.3 X 

0.5 mm in size), Neoverruca hrachylepadoformis 

(Newman & Hessler 1989: 265; 0.25 X 0.5 mm) 

and Neolepas rapanuii (Jones 1993: 939; 0.3 X 

0.5 mm). Eggs of the individual E. ohtai noted 

above occurred in a pair of saucer-shaped civige- 

tous lamellae. There were seventy-seven eggs in 

the left ovigerous lamella, and, rherefore, it is 

estimated that the number of eggs is approxima- 

rely 150 in ail. The egg size ranged from 0.27 to 

0.31 mm in width (mean, 0.29 mm) and from 

0.5 to 0.44 mm in lengrh (mean, 0.47 mm) 

(Table 4), essentially the same size as those of 

other vent barnacles. While this egg-bearing 

individual was but one among 236 barren indivi- 

duals, three of the five individuals of Neoverruca 

examined were brooding (Newman & Hessler 

1989). Whether or not the eggs were held in 

place by ovigerous frena. as in most pedunculare 

barnacles, Neoverruca, and Catophragmus s.l. has 

not been contirmed in Chionelasmus, 

Waikalasma or Eochionelasmus. 

The srudy of eggs and Iarvae of the hydrothermal 

vent animais is very important to our understand- 

ing of their dispersai capabilities. However, little 

évidence is available (Lutz 1988). The large eggs 

of the vent barnacles, and the large but likely 

non-feeding nauplii of N. rapanuii described by 

Jones (1993) suggesrs thaï they have non- 

planktotrophic Iarvae, as does the gtani clam 
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Calyptogena magnifica from the Galapagos Rift 

(Berg & Turner 1980). Since this barnacle had 

few but large size ol eggs, it is likely that it lias 

lecithotrophic larvae (Barnes 1989), but tinfortu- 

nately, no nauplii or cyprids were found in any 

of the Eochionelasmus examined. 

Mouth parts of Eochionelasmus FROM the 

North Fiji  Basin 

The mouth parts are essentially the satne as des- 

cribed for the type from the North Fiji Basin, 

except for the less specialized second and third 

teeth ol mandible in the youngest stages, and 

they closely resemble those of the other hydro¬ 

thermal barnacles; Neolepas, Neoverruca and 

Neohrachylepas. 

In adults, the mandible has a cutting edge provid- 

ed with a pointed superior tooth followed by 

three low teeth, each of which, like the inferior 

angle, supports a single row or comb of fine, 

Fig. 7. — Eochionelasmus ohlai ohtai from the North Fiji Basin: A-G, mandibles and first maxillae; A, right mandible of specimen 
NFB-1 ; B, left first maxilla of NFB-1 ; C, right first maxilla of NFB-4; D, right mandible of NFB-6; E, right first maxilla of NFB-6; F, right 
mandible of NFB-9; G, right first maxilla of NFB-9. The mandible of NFB-4 was missing. Scale bar: 0.1 mm. 
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Table 5. — Eochionelasmus ohtai ohtai from the North Fiji  Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the 
anterior and posterlor rami of cirrus I; L/W. ratios ol the lengths and widths of the 12th, 20th, 30th, 40th. 50th and 60th articles of cir¬ 
rus VI with in parenthesis, lhe number of pairs of setae per article of cirrus VI; -, articles missîng. R-C, rostrum-carina diameter 
(in mm). Article indicated in ( ) when designated article was broken off. 

aL/pL 
Cl 12th 20th 

L/W of articles of C VI 
30th 40th 50th 60th 

Size 
R-C 

NFB-1 2.4 2.2 (3) 
[1 Ith] 

- - - - - 2.4 

NFB-4 2.7 1.2 (3) 2.1 (4) 
[19th] 

~ 4.7 

NFB-6 2.5 0.8 (3) 1.1 (4) 1.8(5) 2.3 (4) 2.7 (4) 3.6 (3) 7.4 
NFB-B 2.8 0.8 (4) 1.1 (5) 1.5 (6) 1.8(6) 2.1 (6) 2.9 (3) 9.5 
NFB-9 3.3 0.8 (3) 1.1 (4) 1.3 (4) 

[27th] 
— — — 12.1 + 

NFB-A 2.8+ 0.7 (4) 1.1 (6) 1.4 (7) 1.7 (7) 2.4 (8) 2.6 (6) 14.3 
NFB-C 2.6+ 0.7 (5) 1.0 (7) 1.3 (8) 1.5(8) 1.9(7) 2.1 (7) 19.5 

sbarp spines. However, in juvéniles, the second 

and third teeth are pointed and divtded into but 

a few spines, and therefore they look more like 

those of ordmary deep-sea thotaciçans. Tire lengdt 

of the superior margin of the second and third 

reerh in juvéniles grows more rapidly than rhe 

inferior margin, and it becomes more spinous as 

it does so, and this produces the form seen in the 

adult (Fig. 7A, D, F). The relatively generalized 

second and third teerh of the tnandible are also 

found in the smallest spécimens of LAU-1 and 

MAN  US-1 from the Lau and Manus Baîins, res- 

pectively (Fig, 1 OC, D). A similar ontogenetîc 

change, front generalized to specialized, was also 

seen in certain chthamalids (Pope 1963). 

In the fîrst maxillae, the number of spines on 

cutting edge increases with growth (Fig. 7B, C, 

E, G), but a marked change does not occur in 

them or in the other mouth parts. 

ClRIU AND CAUDAI APRENDAGES Ol 

Eochionelasmus FROM T HF. Noiil'H Fiji  Rasin 

The délicate cirri hâve long, slender, multiarticu- 

late rami clothed with fine setae. The rami of 

first pair arc unequal, die anterior heing the long- 

est and anrenniform. The ratios of lengths of the 

anterior and posterior rami of cirrus I are shown 

in table 5. The second and following pairs hâve 

long, slender, subequal rami and ctenopod seta- 

tion. The proximal articles in the second and the 

following pairs are wider than high and support 

one or two pairs of setae, while the distal articles 

are more than rwice as long as wide and each 

Fig. 8. — Shape and number of pairs of setae in tfie 121h, 20tb. 
30th, 40th, 50th, 80th and ?0tb articles ot anterior tamus ol the 
cirrus VI in specimen A, NFB-1, B, NFB-4rC, NFB-6, D, NFB-9- 
E, typa spoeimens ol tVFB-B; F, rype specimens of NFB-A 
G, type specimerra of NFB-C, The number withm each figure 
corresponds with lhe number ol pairs of setae. In cases ol lac 
king where the appfopriate article was rhe peut availabte article, 
indicated by its numbers, was used. Scale Bar: 0.1 mm. 
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Table 6. — Eochionelasmus ohtai ohtai from North Fiji Basin. Number of articles of the right anterior (R:a), right posterior (R:p), left 
anterior (L:a), and left posterior (L:p) rami of cirri I VI and caudal appendages (c.a.); R-C k CL, rostrum-carina and carinolateral dia- 

meters (in mm), respectively. 

1 
Number of articles of cirri 

Il III IV V VI 
c.a. R-C x CL Remarks 

NFB-1 R:a 8 5 6 11 13+ 12+ (4) 2.4 x 2.0 no pénis 

R:P 4 4 9 15+ 17+ 13+ 
L:a 9 5 6 11 + 12+ 12+ (6) 

L;P 4 4 8 10+ 11 + 14+ 

NFB-4 R:a 13 11 18 19+ 20+ 19+ (10) 4.7 x 4.2 pénis tiny 

R:P 5 13 18+ 19+ 20+ 23+ 
L:a 13 9 18 20+ 19+ 20 (10) 

L:P 5 13 20+ 17+ 19+ 22+ 

NFB-6 R:a 18 16+ 30 45 44+ 61 (13) 7.4 x 6.4 pénis small 

R:p 6 24+ 33 47 45+ 46+ 
L:a 18 21 + 24+ 27+ 22+ 20+ (14) 

L:p 6 22+ 23+ 22+ 22+ 25+ 

NFB-B R:a 21 33 37 51 55 60 (16) (First Paratype) pénis long 
9.5 x 8.1 

R:p 6 36 46 58 56 68 
L:a 22 30 34 1 + 30+ 57 (12+) 

L:p 6 30+ 37 1 + 56 61 

NFB-9 R:a 20 17+ 20+ 22+ 23+ 27+ (15) 12.1 + x 8.2 pénis long 
R:p 6 21 + 22+ 22+ 23+ 23+ 
L:a 17 20+ 26+ 32+ 31 + 24+ (15+) 

L:p 5 17+ 27 33+ 25+ 26+ 

NFB-A R:a 22+ 32+ 44 26+ 68+ 60+ (16) (Holotype) pénis long 
14.3x12.7 

R:p 7 22+ 47 60+ 21 + 70+ 
L:a 16+ 25+ 44 62 64+ 35+ (17) 
L:p 7 33+ 49 62 71 + 48+ 

NFB-C R:a 15+ 32+ 43 62 66+ 73+ (16) (Second Paratype) pénis long 
20.4 x 13.7 

R:p 8 28+ 51 67 74 68+ 
L:a 22+ 18+ 37+ 47+ 29+ 23+ (16+) 

L:p 7 44 28+ 69 75+ 65+ 

supports three to eighi pairs of setae along irs les- 

ser curvature (Kg. 8, Table 5). The number of 

articles for the rami of the cirri and caudal 

appendages are given in table 6. 

The cirri were examined in seven individuals of 

different sizes in order to détermine how they 

changed with growth. The seven individuals 

include the holotype and two paratypes of 

E. ohtai and rhey range iront 2.4 mm to 

19.5 ntm in the R-C diameter (Tables 2, 6). Two 

of the type spedmens are the largest and one is 

the fourth largest (9.5 mm) of the seven indivi¬ 

duals examined. 

In cirrus I, the anterior rainus is from 2.4 to 

3.3 tintes as long as the posterior ramus (Table 5, 

cf. Tables- 7. 9). Even the nuntber of segments of 

the anterior ramus of cirrus 1 is from 2 to 

3.6 tintes greater titan for the posterior ramus 

(Table 6). The ratios, for the lengtlt and the 

number of articles of the anterior and posterior 

rantus in cirrus I, increxse with growth. In com- 

parison tvith the smallest (NFB-l), the ratios for 
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rhe increasc in number of articles for the largest 

(NFB-C) examiner] are X 3 for the anrerior and 

X 2 for lhe posterior ramus (Table 6). 

The remaming five pairs of cirri of Eochio¬ 

nelasmus are almost equal in the number of 

articles and in the length of each ramus, though 

there is considérable variation in both. The num¬ 

ber of articles and the length of the rami of the 

posterior cirri aJso increase with growrh of shell. 

The number of articles in the largest was five 

rimes that found in the smallest individual 

(Table 6). Individuals smaller than the NFB-B 

show marked increases with growrh of these nvo 

characrers. However, the number of articles of 

the cirri do not increase markedly with growrh in 

individuals larger than the NFB-B (9.5 X 

8.1 mm) nor does the length of pénis. Therefore, 

individuals larger than approximately 10 mm in 

R-C diameter, rather than 14 mm or so, may be 

reproductively aaive at least as males. 

The unequal rami of cirrus I mentioned above are 

characteristic of and apparentfy distinguished 

Eochionelasmus from other vent barnacles, for the 

rami of rheir cirrus I are almost equal in length 

and number of articles. While the number of 

articles of cirrus I in other vent barnacles is sub- 

stantially greater than in young specimens of 

Eochionelasmus from the North Fiji Rusin, the 

number is nearly equal to that of cirrus I in large 

specimens of Eochionelasmus It is assumed that in 

other vent barnacles the number of articles in the 

cirri also increases with growth and, therefore, 

young individuals of other vent barnacles likely 

hâve a small number of articles in the posterior 

rami of cirri 1 

The unequal rami of cirrus I, and the equal 

number of articles and subequal length of the 

rami of the remaining pairs of cirri are also cha¬ 

racteristic of Eochionelasmus from the Lau and 

Manus Basins. Therefore, as with the mouth 

parts, E. ohtai of the North Fiji  Basin cannot be 

distinguished from Eochionelasmus of the Lau 

and Manus Basins by the nature of the cirri, even 

though these three basins arc rclatively isolated 

from each other (see next section). 

While nature of cirri of Eochionelasmus apparent- 

ly does not differ significanrly front that of other 

vent barnacles, except for cirri I, the te is no 

information on changes with growth for them. 

The rami of cirrus III  to VI are essentially equal 

in the number of articles and in length in ail 

three forms, as the)' are for cirrus I in other vent 

barnacles. However, in Eochionelasmus the rami 

of cirrus 1 are unequal in number of articles and 

in length. As for cirrus II, while that of Neolepas 

and Eochionelasmus has subequal rami and num- 

bers of articles, that of Neooerruca has unequal 

rami and nutnbers of articles. 

The caudal appendages of those specimens of 

Eochionelasmus examined ranged from six to 

seventeen articles (Table 6). Like the cirri, the 

number of articles also increase with growth. In 

other vent barnacles the caudal appendage are 

rudimenrary. 

PENIS of Eochionelasmus FROM THE NORTH Fiji  

Basin 

In the smallest individual examined (NFB-1: 

2.4 X 2.0 mm in R-C and CL diameters) no 

Fig. 9. — Ontogenetic growth ol pénis; A, NFB-4, a tiny pénis is 
found at the base ot the protopod of cirrus VI; B. NFB-6; C. 
NFB-9; D, paratype (UMUT-RA18632), specimens from the 
North Fiji Basin. No pénis was found in NFB-1 specimen. Scale 
bar; 0.1 mm. 
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Table 7. — Eochionelasmus ohtai ohtai from Lau Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the anterior 
and posterior rami of cirrus I; L/W, ratios ol the lengths and widths of the 12th, 20th, 30th, 40th and 50th articles of cirrus VI with, in 
parenthesis, the number of pairs of setae per article of cirrus VI; -, articles missing; R-C, rostrum-carina diameter (in mm). Article 
indicated in [ ] when deslgnated article was broken off. 

AL/pL 
Cl 12th 

L/W of articles of C VI  
20th 30th 40th 50th 

Size 
R-C 

LAU-1 2.3 2.0 (2) 2.2 (2) _ _ _ 4.0 
LAU-2 2.4 0.9 (3) 1.6 (6) 2.3 (5) - - 7.6 
LAU-3 2.9 0.8 (3) 1.2 (5) 1.8 (6) 

[29th] 
~ — 13.1 

LAU-5 2.7 0.6 (4) 0.8 (5) 1.3 (7) 2.1 (8) 
[41 st] 

1.6 (5) 17.0 

LAU-8 2.7 0.5 (4) 0.7 (5) 1.0(7) 1.2 (8) 1.6(7) 29 0 

Table 8. — Eochionelasmus ohtai ohtai from Lau Basin. Number of articles of the right anterior (R:a), right posterior (R:p), left ante¬ 
rior (L:a) and left posterior (L:p) rami of cirri l-VI  and caudal appendages (c.a.); R-C x CL, rostrum-carina and carinolateral diarrte- 
ters (in mm), respectively. 

1 
Number of articles of cirri 

Il III IV V VI 
c.a. R-C x CL Remarks 

LAU-1 R:a 12 11 10 16 14+ 23 (9) 4.0 x 3.7 pénis tiny 
R:p 5 14+ 10 13+ 18+ 24 
L:a 12 9 17 15 22 24 (7+) 

L:p 5 14 20 18 23 23 

LAU-2 R:a 14 21 24 22+ 17+ 19+ (12) 9.6 x 7.6 pénis long 
R:p 6 18 29 31 21 + 19+ 
L:a 17 24 28 38 38 38 (13) 
L:p 7 28 26 37 47 37 

LAU-3 R:a 21 21 + 32 42 42 29+ (14) 13.1 x 10.5 pénis long 
R:p 6 21 + 37 43 26+ 33+ 
L:a 21 22+ 21 + 24+ 33+ 33+ (15) 

L:p 6 23+ 26+ 28+ 34+ 34+ 

LAU-5 R:a 23 36 3+ 36+ 51 56+ (15) 17.0 X 16.7 pénis long 
R:p 7 42 13+ 27+ 33+ 43+ 
L:a 23 26+ 42 31 + 31 + 20+ (16) 
L:p 7 38 27+ 38+ 52 63+ 

LAU-6 R:a 27 27+ 24+ 63+ 50+ 69+ (18) 25.8+ x 27.2 pénis long 

R:P 8 31 + 38+ 47+ 69 59+ 
L:a 26 36 31 + 60 81 61 + (20) 

L:p 7 31 + 32+ 59+ 72+ 57+ 

LAU-7 R:a 25 37 45 44+ 66 73 (16) 26.1 x 17.9+ pénis long 

R:P 7 47 26+ 55 69 70 
L:a 26 27+ 6+ 57 40+ 66 (16) 
L:p 6 43 48 62 65 48+ 

LAU-8 R:a 22 25 45 57 64 56+ (17) 29.0x20.5 pénis long 

R:P 7 33 54 62 55+ 70 
L:a 24 30 39 50+ 23+ 74 (16+) 

L:p 7 38 46 54+ 65 72 
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pénis was found berween the pedicles of cirri VI. 

A tiny pénis (0.1 mm in length) was found in 

speeimen NFB-4 (Fig. 9A: 4.7 X 4.2 mm in R-C 

and CL diameters) and in speeimen NFB-6 

(Fig. 9B: 7.4 X 6.4 mm in R-C and CL diame¬ 

ters) the pénis was about 0.6 mm, or as long as 

the posterior r-ami of cirrus 1. Finally, speeimen 

NFB-9 (Fig. 9C: 12.1 X 8.2 mm in R-C and CL 

diameters) had a pénis about 7 mm in length, 

again as long as the anrerior rami of the cirrus 1. 

As mentioned in the section on sexual maturity, 

the speeimen brooding eggs was around 14.2 x 

11.9 mm in R-C and CL diameters. Therefore, 

although eggs were not found in the mande cavi- 

ty of a speeimen of comparable .size (NFB-9), its 

pénis was apparently fonctional and therefore it 

was probably mature. 

Eochionelasmus FROM TP1E LAU AND 

MANUS BASINS 

Eochionelasmus FROM the Lau Basin 

Eight individuals of Eochionelasmus Iront station 

BL12 in the Lau Basin were studied. The small- 

est and the largest were 4.0 x 3.7 mm and 29.0 x 

20.5 mm in R-C and CL diameters, respcctively 

(Fig. 9, Table I). The régression line between CL 

(y) and R-C (x) diameters is y = 0.79 x + 0.95 

and the corrélation coefficient (r) is 0.937. Thus, 

the specimens from the Lau Basin closely 

resemble the régression line for those from the 

North Fiji Basin (Fig. 4: y - 0.88 x + 0.0004, r = 

0.967), as well as in the characteristics of the 

shell, in corroboration of “Spivey’s Law” for xpe- 

cies of Baldnus-, e.g. every species has its own 

shape (Spivey 1989). 

Besides shell size and form, the opercular plates, 

the primary wall plates, and the basal imbricat- 

ing plates, are essentially the same in morphology 

and arrangement as those of the E. ohtai front 

dre North Fiji Basin. The sr, rl1, l2, cl1 and sc 

plates appear in the third whorl in 50. 50, 13, 50 

and 0% individuals and in the fourth whorl in 

50, 50, 50, 50 and 83%, respcctively. Therefore, 

by the fourth whorl 100, 100, 100, 100 and 

83% of the individuals hâve gained these respec¬ 

tive plates (Fig. 5, Table 3). Since sr, rl1 and cl1 

generally appear in the fourth whorl in the 

North Fiji  Basin population, it is remarkable that 

they hâve appeared in half of eight specimens 

Iront Lau. 

As for the mouth parts, there is no notable diffé¬ 

rence between those from the North Fiji  and Lau 

Basins populations (Fig. 10). The second 3nd 

third teeth of the mandible in the smallest dissec- 

ted speeimen (LAU-l,  Fig. 10C) hâve very few 

and very fine comblike spines as dues the small¬ 

est individual from the North Fiji Basin and 

from the Manus Basin (Fig. 11D). With regard 

to the cirri, as already noted, the number of 

articles increases with growth (Tables 7 and 8). 

Generally speaking, when individuals of same 

sized front Lau and North Fiji Basins are contpa- 

red, such as NFB-4 (4.7 X. 4.2 mm) and LAU-l  

(4 x 3.7 mm), NFB-B (9.5 X 8.1 mm) and 

LAU-2 (9.6 X 7.6 mm), and NFB-9 (12.1+ X 

8.2 mm) and LAU-3 (13.1 X 10.5 mut), the 
number ol articles, wltile similar, is slightly less 

in the specimens from the Lau Basin. Otherwise, 

no morphological différence between the cirri of 

these two populations were found. 

The number of articles of the caudal appendages 

range front ni ne to twenty, a greater range than 

for the North Fiji Basin population. Hnwever, 

when same sized individuals were cornpared, the 

nuntber was almost the same. Therefore, there 

appear to be no significanr différence between 

these two populations, in any of the characters 

examincd, and therefore it is concluded that they 

represent the same species. 

Eochioneldsmus FROM THE MANUS BASIN 

Seveti individuals of Eochionelasmus from the 

Manus Basin were studied. The smallest and lar¬ 

gest individuals were 2.0 x 1.7 mm and 23.8 x 

25.0 mrn in R-C and CL diameters, respcctively 

(Fig. Il, Table 1). The régression line between 

the CL (y) and R-C (x) diameters is y - 0.93 x 

+ 0.12 and the corrélation coefficient (r) is 

0.973. Thus, the Manus Basin régression is simi¬ 

lar to that of the North Fiji Basin population 

(y = 0.88 x + 0.0004, r - 0.967). The specimens 

from the Manus Basin also closely resemble those 

of E. ohtai front the North Fiji  Basin in the mor- 

phology of tbeir opercular plates, the primary 

wall plates and the basai imbricating plates. 

As for the mouth parts and cirri 1 and U, there is 
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Table 9. — Eochionelasmus ohtai ohtai from Lau Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the anterior 
and posterior rami o( cirrus I; UW, ratios of the lengths and widths of the 12th, 20th, 30th, 40th, 50th and 60th artiales of cirrus VI  
with, in parenthesis, the number of pairs of setae per article of cirrus VI; -, articles missing; R-C, rostrum-carina dlameter (in mm). 
Article indicated in ( ) when designated article was broken off. 

aL/pL L/W of articles of C VI Size 
Cl 12th 20th 30th 40th 50th 60th R-C 

MANUS-1 2.4 2.5 (3) _ _ _ _ _ 2.0 
MANUS-4 2.6 - - - - - 4.8 
MANUS-5 2.5 0.9 (3) 1.7(4) 

[21 st] 
2.3 (4) — — — 7.4 

MANUS-6 4.0 0.6 (4) 0.8 (6) 1.0(7) 1.2 (8) 1.6 (9) 2.0 (9) 23.2 
[51 st] 

Table 10. — Eochionelasmus ohtai manusensis n.ssp. from Manus Basin. Number of articles of the right anterior (R:a), right poste¬ 
rior (R:p), left anterior (L:a) and left posterior (L:p) rami of cirri l-VI  and caudal appendages (c.a.); R-C x CL, rostrum-carina and 
carinolateral diameters (in mm), respectively. 

1 
Number of articles of cirri 

Il III IV V VI 
c.a. R-C x CL Remarks 

MANUS-1 R;a 8 5 6+ 5+ 5+ 14+ (5+) 2.0 x 1.7 no pénis 
R;p 4 4 5+ 5+ 30 6+ 
L:a 8 5 6+ 12 22+ + (5+) 

L:p 4 5 6 5+ 7+ + 

MANUS-3 R:a 11 10 9+ 9+ 8+ 9+ (9+) 3.7 x 3.6 no pénis 

R:p 5 10 6+ 8+ 10+ 9+ 
L:a 11 6 9+ 12+ 10+ 10+ (10+) 

L:P 5 10 13+ 11 + 10+ 11 + 

MANUS-4 R:a 12 1 + 2+ 1 + 1 + 1 + (4+) 4.8 x 4.0 no pénis 
R;p 5 3+ 3+ 1 + 1 + 1 + 
L:a 14 12 3+ 4+ 3+ 1 + (6+) 

L:p 5 1 + 2+ 6+ 6+ 1 + 

MANUS-5 R:a 17 12+ 11 + 16+ 19+ 32+ (14) 7.4 x 6.2 pénis small 
R:p 6 13+ 22+ 17+ 20+ 19+ 
L:a 15 12+ 26 18+ 28+ 20+ (13) 

L:p 6 14+ 16+ 19+ 32+ 20+ 

MANUS-6 R:a 30 45 60 68+ 73+ 68+ (12+) 23.2 x 25.0 pénis long 
R:p 7 41 52 64 73+ 80+ 
L:a 27 37+ 42+ 75 86+ 86 (18) 

L:p 7 42 52+ 52+ 76+ 8+ 

MANUS-7 R:a 17+ 30 29+ 41 + 64+ 54+ (16) 23.5x25.0 pénis long 

R:P 6 33 44+ 54+ 68+ 76+ 
L:a 27 35 40 59+ 60+ 62+ (16) 

Lp 7 35+ 51 40+ 52+ 69+ 

MANUS-8 R:a 32 44+ 46 66 70 79 (18) 30.1 x 23.8 pénis long 

R:P 7 45 50 73 82 51 + 
L:a 32 44 50 60 70 78 (18) 

L:p 8 38 47 76 84 65+ 
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no notable différence between tbe Nortb Fiji  and 

Lau Basins (Fig. 10). The mandible (Fig. 11D) 

of the smallest individual in the dissected spéci¬ 

mens has sanie morphological characteristics as 

found in the smallest individual from the Manus, 

North Fiji  and Lau Basins. Though more than 

half of the seven individuals exaniined lack tips 

of cirri III  to V, the nuniber of articles in the few 

complété cirri are in the observed ranges for the 

specimens from tire Norrh Ft)i Basin As for the 

complété caudal appendages observed in half 

specimens, the number of articles is essentially 

the same as for those from the North Fiji Basin 

(Tables 9, 10). Funhermore, there is no notable 

différence in the ratio of length and width of the 

articles of the cirri, irt the number of spines per 

article, or in the nature of mouth parts between 

the populations from the North Fiji and Manus 

Basins, as might lie expected since they are likely 

eating very much the same thing. 

The sr, ri1, I2, cl* and sc plates appear in the 

third whorl of 50, 100, 0, 17 and 0% of the 

individuals, and in the fourth whorl of 17, 0, 50 

50 and 83%, respectively, Therefore, by the 

fourth whorl 67, 100, 50, 67 and 83% of the 

individuals hâve gained these plates, respectively 
(Fig. 5, Table 3). Since sr, rl1 and cl1 generally 

appear in the fourth whorl in the North Fiji  

population, it is very remarkable that rl1 has 

appeared in the third whorl in ail individuals of 

the six specimens from Manus. No notable diffé¬ 

rence in the order in which the other inibricating 

plates appeared was found. 

DISCUSSION 

Relationship BETWEEN THE Eochionelasmus 

POPULATIONS KROM THE NORTH Fl|l, LAU AND 

Manus Basins 

Utiles® endowed with excellent dispersai capabi- 

lities, one might expect that thèse three relatively 

isolated deep-sea hydrothermal vent populations 

would hâve speciated. Mowever, despite the 

variety of morphological attributes investigated 

here, no demonstrable morphological différences 

attributable to the geographical isolation were 

found that could be used to distinguish the three 

isolated populations of the North Fiji, Lau and 

Manus Basins, except the small ontogenetic 

change in the appearance ol the pair of rl1 imbri- 

cating plates in the Manus population, 

Morphological species are often subject to ques¬ 

tion, and they can be a problem in accessible 

shallow-water as well as relatively inaccessible 

deep-water populations, lb further explore this 

matter, it will  likely be necessary to cmploy 

molecular methods. But until then, it would 

appear that these three reniotc populations repre- 

sent the satne species, E. ohtai. Uowever, the dif¬ 

férence in the position of rl dues distinguish the 

Manus population from the North Fiji and Lau 

populations, and it is isolated from them by 

approximately 3000 km and 4300 km, respecti¬ 

vely. Therefore, the différence correlates with the 

géographie isolation of the Manus front the 

North Fiji/Lau populations, and this justifies 

designat-ing the Manus population as a subspe- 

cies, E. ohtai manusensis n.ssp. 

Dispersai. 

For some, interests in the fauna in the deep-sea 

hydrothermal vents lias shifted Iront discovery 

and description of new and often extttic taxa to 

considérations of endemism and dispersai over 

the long-distances between the F.ast Pacific, West 

Pacific and/or Atlantic; i.e. the bresilid shrirrip 

(Williams & Rona 1986), bytliograeid crabs 

(Hessler & Martin 1989), and copepods of genus 

Stygiopontitis (Humes 1987, 1989, 1990). The 

occurrence of closcly relatcd species at various 

remote clecp-sea hydrothermal vents requîtes 

long-range albeit infrequent dispersai and/or 

more stepping stones along the mid-ocean ridge 

System, and between them and back-arc basins 

than tltere are today (Hessler & Lonsdule 1991; 

Tunnicliffe & Flower 1996), and for sonie surely 

cognate environments such as hydrocarbon and 

brine seeps are involvcd (Newman 1985; ,Sntith 

étal. 1989). 
Some animais inhabiting the deep-sea hydrother- 

mal vents are survivors of higlter taxa that origina- 

ted in the Mcsozoic or Palcozoic that have 

otherwisc gonc extinct (Barnacles: Newman 1979; 

Newman & Hessler 1989; Yamagucht & 

Newman 1990; Joncs 1993; Newman & Yama- 

güchi 1995. Truc crabs; Newntan 1985. Limpets; 
McLean 1981; 1988a, b; 1989a, b. Pectïmds: 
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Schein-Fatton 1988). If  the présent distribution of 

such primitive animais is ternis of a 100 million 

years or more, it may be better explained move in 

terms of vicariance and relictism than of dispersai. 

Ecoi.ogy 

Desbruyères et al. (1994) reported on the habi¬ 

tats and températures where populations of 

Eochionelasmus and a new neolepadine similar to 

Neolepas (pers. obs.) are présent in the Lau and 

North Fiji Basins. At the Vai Lili  site of the Lau 

Basin, where températures reach but did not 

exceed 6 °C, fevv Eochionelasmus were found. On 

the other hand, along the outside rim of the Vai 

Lili  site, where populations of Eochionelasmus 

accompanied by the neolepadine were présent, 

températures ranged front 2 to 5 °C. At the Hine 

Hina site of rhe Lau Basin, where the températu¬ 

re ranged from 2.5 to 4.5 °C, a population of the 

neolepadine was présent, while at rwo sites domi- 

nated by myrilids, the température ranged was 

5.3-12.2 °C and 3.7-17 °C (Chevaldonné étal, 

1991). In Lhe South Hine Hina and Momoko 

sites at Lau, the neolepadine was even found at 

sites where no thermal anomaly was detected 

during the sampling period. In the ourer portion 

of the Whire Lady site of the North rÇ Basin, 

dense communities of Eochionelasmus occured 

with sparse individuals of neolepadine, where 

températures ranged from 2.5 to 4 °C 

(Desbruyères et. al. 1994). 

CONCLUSIONS 

In the présent study, numerous specimens of 

Eochionelasmus ohtai collected by the French sub¬ 

mersible Nautile from the North Fiji Basin are 

compared with the type specimens of E. ohtai 

from the North Fiji Basin described previously 

by Yamaguchi & Newman (1990). No signifi- 

cant différence were found in the morphology of 

shell wall, opercular valves, trophi and cirri bet- 

ween these two populations, and they are consi- 

dered représentative of the same species. 

However, in studying the ontogeny of the basal 

whorl of imbricating plates, it was ohserved rhat 

there were a few small différences between what 

was generally observed and the arrangement 

dcpictcd for the type specimen by Yamaguchi & 

Newman (1990). 

The adjusted or generalized pattern stemming 

from these observation was rhen used for compa¬ 

rions with populations of Eochionelasmus from 
the Lan Basin, Tonga and the Manus Basin, 

Bismarck Archipclago. It was observed that while 

there were minor différences between the North 

Fiji  3nd Lau populations, there was a notable dif¬ 
férence between them and the Manus popula¬ 

tion; e.g. (1) the rl1 pair ol imbricating plates in 

ail six specimens from the Manus Basin occurred 

in the third whorl while in the specimens from 

rhe North Fiji and Lau Basins it occurred chère 

in 40 and 50% of the ten and cight individuals 

examined, rcspcctively; and (2) cl1 appeared in 

ail individuals from the North Fiji and Lau 

basins by rhe fourth whorl while in the Manus 

specimens it appeared in 50% of the individuals 

by the fburth w'horl. 

Those différences not only appear to be signifi- 

cant but they correlate with the géographie situa¬ 

tion. Therefore, we feel justified in proposiug 

that the Manus population be recognized as a 

distinct race oi subspecies, Eochionelasmus ohtai 

manusensis n.ssp. 

Only one individual (14.2 X 11.9 mm in R-C X 

CL diameters) of the dozens of mature speci¬ 

mens examined was brooding eggs, about 150 of 

which were divided between two ovigerous 

lamellae. The eggs were essentially of the same 

size as in previously known hydrothermal bar- 

nacles of Neolepas zevinae, N. rapanun and 

Neoverruca brachylepadofonnis. The holotype of 

Eochionelasmus is almost of the same size as the 

individual with eggs, and therefure it is conside- 

red to be a fully  adult individual. 

h was observçd that the second and third teeth 

of the mandible in ail three populations each 

changed from a point of a few fine spiries to a 

long row of comb-like tooth during ontogeny. 

The ontogenetic change corroborâtes the view 

that the spécial mandible of Eochionelasmus was 

derived from an ancestor having normal mandi- 

bular teeth. 

The morphological resemblance between the 

Manus, North Fiji and Lau populations, which 

are separated by 3000 and 1300 km respectively, 

suggests that they are eonspccific; e.g. 
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Eochionelasmus ohtai. If  so, this is the first report 

of a vent barnacle species having a range of over 

4300 km. 

SYSTEMATIC DESCRIPTION 

Subclass C1RR1PEDIA Burmeister, 1834 

Superorder THORACICA Darwin, 1854 

Order SESSILIA Lamarck, 1818 

Suborder BALANOMORPHA Pilsbry, 1916 

Superfamily CfHONEI.ASMATUIDEA 

Buckeridge, 1983 
Family QüONELASMATIIW Buckeridge, 1983 

Genus Eochionelasmus Yamaguchi, 1990 

Eochionelasmus ohtai manusensis n.ssp. 

MATERIAL. — Eleven individuals (including 6 adules 
and 5 juvéniles) were recovered bv Russian submer¬ 
sible Mir-2, 1990, Manus Back-Arc Basin, sta¬ 
tion 2255 (3° 10’S, 150° 17’E), at about 2500 m of 
depth. Eight individuals (meluding 3 adults and 
5 juvéniles) were used in this study. 

DeI’OSI VION or TYPES. — See table 1. 

Diagnosis 

As for rhe species (Yamaguchi & Newman 

1990), except thac the ri1 pair ot imbricating 

plates appears in the third whorl rather than in 

the fourth whorl as is more commonly the case 

in the North Fiji  and Lau Basin populations. 

Description 

As for the species. 

Acknowledgements 

We thank S. Galkin for the specimens from 

Manus Basin and M. Segonzac for the specimens 

from Lau Basin. The First author would Hke to 

acknowledge lot the sponsorship and the support 

of the Japan Society for the Promotion of 

Science (JSPS) for a six months overseas research 

at Centers of Excellence Abroad to Scripps 

Institution ol Oceanography (SIO). This study 

was supported in part by a Grant-in-Aid for 

Scientific Research from the Ministry of 

Education, Science and Culture, project Nos. 

04804065 and 06404001 and the Tokyo 

Geographical Society, the Sumitomo Foundation 

and the Fujiwara Narura! Historv Foundation. 

REFERENCES 

Barnes M. 1989. — Egg production in cirripedes. 
Oceanography and Marine Biolngy Annual Review 
27: 91-166, 

Berg C, J. 8c Turner R. D. (r 1980, — Description ol 
living specimens of CtdypWgeHa magnifica Boss and 
Turner with noies on their distribution and ecology, 
Appcitdix I, in Boss K. J. &L  Turner R. D. (eds), '1ne 
giant white dam from rhe Galapagos Rif't, Calypto 
gêna magnifica sp. nov, Malaeology 20: 183-185. 

Buckeridge J, S. 1995. — Phylogcny and biogeogra- 
phv ol the primiiivc Scssilia and a considération of 
a Terhyan origin for rhe group, in Schram F. R. & 
Hocg J. T. (eds), New frontiers in barnacle évolu¬ 
tion, Crusutcean Issues 10: 255-267. 

— 1996. —A living fbssil Waikatasma houcheti n.sp. 
(Cirripedia, Babnomorpha) from V'anuatu (New' 
Hébrides), Southwest Pacific. Bulletin du Muséum 
national ({‘Histoire naturelle, Paris, série 4, A, 18 
(3-4) : 447-457. 

Buckeridge J. S. Üc Newman W. A. 1992. — A reexa- 
mination of Wnibt/asma (Cirripedia: Thoracica) 
and its sicnificancc in Bàlanomorph Phylogeny. 
Journal ojPaleontology 66 (2): 341-345. 

Cbevaldonné P.. Desbruyères D. & Le Haitre M. 
1991. — Tinie-series of température from three 
deep-sea hydrothermal vent sites. Deep-Sea Research 
38 (11): 1417-1430. 

Costlow J. D. 1956. — Shell development in Bal-anus 
improuisHs Darwin, journal of Marpljology 99: 
359-415, 

Darwin C. R. 1851. —A mnnngraph on the subnias: 
Cirripedia. The Lepadïdae; or pedunculaled cirri¬ 
pedes. Ray Society. London, 400 p. 

— 1854. — A monograph ou the suh-class Cirripedia. 
The Balanidae (nr sessile cirripedes): the Verrucidae, 
etc. Ray Society. London, 684 p. 

Desbruyères D., Alayse-Danet A.-M., Qhta S. &T the 
Scientific Parties of Rio lau and Starmcr Cruises 
1994. — Deep-sea bydrothcrmal communities in 
Southwest Pacific Back-arc basins (the North Fiji  
and Lau Basins): Composition, microdistribution 
and food web. Marine Geology 116: 227-242. 

Galkin S. V. 1992a. — Eochionelasmus ohtai 
(Cirripedia, Balanomorpha) from hydrothermal 
vents in the Manus Back-Arc Basin. Zoologicheskiy 
Zhurnal 71 (11): 139-143- 

— 1992b. — Bottom launa of the Manus basin 

ZOOSYSTEMA • 1997 • 19(4) 647 



Yamaguchi T. & Newman W. A. 

hydrothermal. Oceanology, Russian Academy Nauk 
32:1102-1110. 

Hessler R. R. ht Longsdale P. 1991. — Biogeography 
of Mariana T'rougn hydrothermal vent communi- 
ties. Deep-Sea Research 38 (2): 185-199. 

Hessler R. R., Longsdalc P. & Hawkins J. 1988. — 
Pattern on the océan tloor. New Scientist 24: 47-51. 

Hessler R. R. & Martin J, W. 1989. —Austinograea 
Williamsi, new genus, nov spectes, a hydrothermal 
vent cr.tb (Deeapoda; Bythograeidae) from the 
Mariana Back-Are Basin, Western Pacific. Journal 
of Crustacean Biology 9 (4): 645-601. 

Hui E. & Moyse J. 1984. — Compléments! males of 
the primitive Lialanomorph barnade, Cbionelasmus 
darwini Journal of the Marine Biological Association 
of the U. K. 64: 91-97. 

Hu mes A. G. 1987. — Copepoda front deep-sea 
hydro thermal vents, Bulletin of Marine Science 41: 
645-788. 

— 1989. — New species of Stygiopnntius (Copepoda, 
Siphonostomatoida) from a deep-sea hydrothermal 
vent at the Last Pacific Rise. Zoolngica scripta 18 
(1): 103-113. 

— 1990. - Copepods (Siphonostomatoida) from a 
deep-sea hydrothermal vent at the Mariana Back-Arc 
Basin in tlie Pacific, ïncluding a new gémis and spe- 
cics. Journal of statural lus tory 24 (2): 289-304. 

Jones D. S. 1993. — A new Neulepas (Cirripedia: 
Thoracica: Scalpellidae) from an abyssal hydrother¬ 
mal vent, Southeast Pacific. Bulletin of Marine 
Science 52 (3): 937-948. 

Lutz R. A. 1988. — Dispersai of organisms at 
deep-sea hydrothermal vems: a review. Océano¬ 
logie,/ Acta, vol. sp. (8): 23-29. 

McLean J. H. 1981. — The Galapagos Rift limpet 
Neomphalns: Relevante to understanding the évolu¬ 
tion of a major Palenzoic-Mesozoîc radiation. 
Malacolngia 21: 291 -336. 

— 1985. — Preliminary report on the limpets at 
hydrothermal vents, ht Jones M. J,, (ed.), The 
Hydrothermal Vents of lhe F.astern Pacific: An 
Overvicw, Bulletin of Biological Society of 
Washington (6): 1 59-166. 

— 1988a. - New archaeogastropod limpets from 
hydrothermal vents. Superfamily Lepetodrilacea. 
I. Systemadc descriptions. Philosopbtcal transactions 
of the Royal Society ofLondutu Scr. B. 319: 1-32. 

— 1988b. — New archaeogastropod limpet familics 
in the hydrothermal vent community. Malaco- 
logicalreoiew, Supplément 4: 85-87. 

— 1989a. — New archaeogastropod limpets from 
hydrothermal vents, new tamily Peltospiridae, new 
superfamily Pclrnspiraeca. Zoolngica scripta 18: 49-66. 

— 1989b. — New slit-limpets (Scissurellacea and 
Fissurefaçea) from hydrothermal vents. Part 1. sys- 
temade descriptions and compensons bascd on 
shell and radular charatteristics. Contributions in 
science, Nauiral History Muséum of Los Angeles 
County (407): 1-29. 

Newman W. A. 1979. — A new scalpellid 
(Cirripedia); a Mesozoic relie living near an abyssal 
hydrothermal spring. Transactions oj the San Diego 
Society ofNatural History 19(11): 153-167. 

— 1985. — The abyssal hydrothermal vent inverte- 
brare fauna: A glinipse of antiquity ?, Bulletin of the 
Biological Society oj Washington (6): 231-242. 

— 1987. — 'Evolution of cirripcdes and their major 
groups, in Southward A. J. (ed.). Barnade Biology, 
Crustacean Issues. Balkema, Rotterdam 5: 3-42. 

— 1989. —Juvénile- ontogeny and métamorphosas in 
the most primitive living sessîle harnacle, 
Neovenum, from an abyssal ïtydrorhermal spring. 
Bulletin of Marine Science 45: 467-477. 

— 1992. — Biotic cognâtes of castern boundary 
conditions in the Pacific and Atlantic: Reliefs of 
Tethys and climatic change. Pmcceding of the San 
Diego Society ofNatural History 16: 1-17. 

— 1993. — Darwin aftd cirripcdology, in Truesdale 
F. (ed.), Hisrory of Carcinology, Crustacean Issues, 
Balkema, Rotterdam 8: .349-434. 

— 1996. - Cirripedia : 453-540, in Forest J. (ed.J, 
/raitéde Zoologie, rotrte Vil,  Crustacés, fascicule 11. 
Masson, Paris. 

Newman W. A. & Hessler R. R. 1989. — A new 
abyssal hydrothermal verrucomorphan (Cirripedia; 
Sessiliu): tire most primitive living sessile barnade. 
Transactions oj lhe San Diego Society oj Natterai 
History 21 (16); 221-2.35. 

Newman W. A. & Yamaguchi T. 1995. — A new ses¬ 
sile harnacle (Cirripedia, Brachylepadomorpha) 
firom the Lan Back-arc Basin. Tonga: first record of 
a living représentative sincc the Miocène. Bulletin 
du Muséum national d'Histoirc naturelle. Paris, 
setie 4, A 18 (3-4) : 221 243. 

Newman W. A., Zullo V. A. & Withers T. H. 
1969. — Cirripedia: R206-R295, in Moore R. C. 
(ed.), Treali.se on Int/ertebralc Paleonto/ogy, Part R, 
Arthropoda, 4, 1. Geological Society of America 
and Univcrsity of Kansas Press, Lawrence. 

Nîlsson-Catuell C. A. 1928. — The cirripede 
Chionelasnms (Pilsbry) and a discussion ol its phy- 
Iogcny. The Armais and Magazine of Natural 
History scr. 10, 2 (1): 445-455. 

Pilsbry H. A. 1907. - Hawaiian Cirripedia. Bulletin 
Bureau ofPisheries 26: 181-190- 

Pope E. C. 1965. — A review ol Australian and sonie 
Iluionialayan Clithamalidae (Crustacca: Cirripe- 
dia). Prneeedings of the l.innean Society of New South 
Wales 90 (1): 10-77. 

Ross- A. 8e Newman W. A, 1996, — A unique experi- 
ment in four-plaredness by a Miocène barnade 
(Cirripedia; Balanid'ae) rhat Darwin çonsidered 
improbable. Journal of Crustacean Biology 16 (4): 
663-668. 

Runnstrom S. 1925. — Zur Biologie und 
Entwicklung von Balanns balanoides (Linnc). 
Berge ns Muiuseutn Aarhok 5; 1-46. 

Schein-Fatton F. 1988. — A very primitive 

648 ZOOSYSTEMA - 1997 - 19 (4) 



Eochionelasmus from three localities in the South-West Pacific 

Pectinacea (Bivalvia): Bathypecten vulcani from the 
13°N hydrothermal site (East Pacific). Oceanologica 
acta, volume spécial, No. 8: 3-89. 

Smith C .R., Kukert H., Wheatchroft R. A., Jumars 
P. A. & Deming J. 1989. — Vent fauna on whale 
remains. Nature 341: 27, 28. 

Spivey H. R. 1989. — The size variable and allome- 
tric analysis in the barnacle genus Balanus. Journal 
ofnatural histoty 23: 1017-1032. 

Tufar W. 1990. — Modem hydrothermal activity, 
formation of complex massive sulfide deposits and 
associated vent communities in the Manus 
Back-Arc Basin (Bismarck Sea, Papua New 
Guinea). Mitteilungen der dsterreicbischen geologi- 
schen Geselbchafi 82: 183-210. 

Tunnicliffe V. & Flower M. R. 1996. — Influence of 
sea-floor spreading on the global hydrothermal vent 
fauna. Nature 379: 531-533. 

William A. B. & Rona P. A. 1986. — Two new cari- 
dean shrimps (Bresiliidae) from an hydrothermal 
field on the Mid-Atlantic Ridge. Journal of 
Crustacean Biology 2 (1): 136-147. 

Woodward H. 1901. — On ‘Pyrgoma cretacea', a cir- 
ripede from the Upper Chaïk of Norwich and 
Margate. Geological Magazine 8: 145-152 (erratum: 
240; additional note: 528). 

Yamaguchi T. & Newman W. A. 1990. — A new 
and primitive barnacle (Cirripedia: Balanomorpha) 
from the North Fiji Basin Abyssal Hydrothermal 
Field, and its evolutionary implications. Pacific 
Science 44 (2): 135-155. 

— 1997. — Eochionelasmus paquensis, new species 
(Cirripedia, Balanomorpha) from 17°25’S, north of 
Easter Island: First record of an hydrothermal sessi- 
le barnacle from the East Pacific Rise. Journal of 
Crustacean Biology 17 (3): 488-496. 

Submitted on 14 January 1997; 
accepted on 22 May 1997. 

ZOOSYSTEMA • 1997 • 19(4) 649 


